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IMAGE FORMING APPARATUS HAVING 
CONTROL BASED ON DETECTED TONER 
CHARGE AND TRANSFER EFFICIENCY 

FIELD OF THE INVENTION AND RELATED 
ART 

The present invention relates to an image forming 
apparatus such as an electrophotographic apparatus or 
an electrostatic recording apparatus, and more particu 
larly to an image forming apparatus in which an image 
transfer condition is controllable. 

In a known image forming apparatus, a toner image is 
formed on an image bearing member in the form of a 
photosensitive member, and the toner image is electro 
statically transferred onto a transfer material such as 
sheet. In order to provide a satisfactory image in such 
an image forming apparatus, it is desirable to increase 
image transfer efficiency. Particularly in the case of 
color image formation, the image transfer process is 
signi?cantly influential to the image quality. The trans 
fer ef?ciency is dependent ongan image transfer electric 
?eld, and in order to increase the transfer ef?ciency, it 
is known that control of the transfer electric ?eld con 
trol is effective. However, even if the transfer electric 
?eld is controlled in order to optimize the transfer effi 
ciency, the transfer efficiency varies depending on the 
toner charge amount before the image transfer, and the 
optimum control of the transfer condition has been 
dif?cult. 

SUMMARY OF THE INVENTION 

Accordingly, it is a principal object of the present 
invention to provide an image forming apparatus in 
which the transfer condition with which the' toner 
image is transferred from the image bearing member to 
a transfer material, is optimized. 

It is another object of the present invention to pro 
vide an image forming apparatus in which the toner 
charge amount before the image transfer can be con 
trolled. 

It is a further object of the present invention to pro 
vide an image forming apparatus in which the transfer 
efficiency and the toner charge amount before the 
image transfer are detected. ' 

These and other objects, features and advantages of 
the present invention will become more apparent upon 
a consideration of the following description of the pre 
ferred embodiments of the present invention taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram of an image forming 

apparatus according to an embodiment of the present 
invention. 
FIG. 2 is a schematic diagram of an image forming 

apparatus according to another embodiment of the pres 
ent invention. 
FIG. 3 is a schematic diagram of an image forming 

apparatus according to a further embodiment of the 
present invention. 
FIG. 4 is a schematic diagram of an image forming 

apparatus according to a further embodiment of the 
present invention. 
FIG. 5 is a graph of a residual toner density on a 

photosensitive drum after toner image transfer vs. toner 
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2 
image density before transfer with the parameter of 
toner charge amount, in the apparatus of FIG. 4. 
FIG. 6 is a similar diagram but with the parameter of 

the transfer electric ?eld. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 4; there is shown a color image 
forming apparatus according to an embodiment of the 
present invention. In this image forming apparatus, a 
photoreceptor element 10 travels with an illumination 
lamp 9 to read an original 11, and converts the image 
thereof into R, G and B electric signals. The electric 
signals for three colors are converged to image signals 
of magenta, cyan, yellow and black image signals by an 
unshown image processor. A surface of a photosensitive 
drum is cleaned by a cleaner 5, and the in?uence of a 
previous latent image has been removed by an exposure 
lamp l2 and a pre-discharger 13. The photosensitive 
drum 1 comprises a photosensitive layer such as an 
organic photoconductor layer and a grounded conduc 
tive base for supporting the photosensitive layer. 
The photosensitive drum 1 is uniformly charged by a 

primary charger 6 and is exposed to light corresponding 
to a magenta image signal emitted from alight source 2 
such as a laser scanner or the like, so that an electro 
static latent image of a magenta component is formed on 
the photosensitive drum 1. The latent image is devel 
oped with a developing device 3M for the magenta 
color, so that a magenta toner image is formed on the 
photosensitive drum 1. 
On the other hand,, transfer sheets 14, accommodated 

in a cassette, are fed out one-by-one by a sheet feeding 
roller 15 to a transfer drum 4. The transfer sheet 14 is 
electrostatically attracted on the transfer drum 4 by an 
attraction charger l6, and is fed by rotation of the trans 
fer drum 4 to an image transfer position where the trans 
fer sheet is faced to the photosensitive drum 1. In the 
transfer position, the magenta toner image is transferred 
from the photosensitive drum 1 onto the transfer sheet 
14 continuously by a transfer charger 7. 

Similarly, a cyan toner image, a yellow toner image 
and a black toner image are sequentially formed on the 
photosensitive drum 1, and they are sequentially trans 
ferred and superposed on the transfer sheet 14. Thus, on 
the transfer sheet 14, four color toner images are over 
laid, and therefore, a full color image is provided. When 
the cyan, yellow and black toner images are formed on 
the photosensitive drum 1, the cyan, yellow and black 
developing devices 3C, 3Y and 3B, are slid in a horizon 
tal direction to be presented at a developing position 
where it is faced to the photosensitive drum 1 to effect 
the respective developing operations. 
When the four color toner image transfer operations 

are completed, the transfer sheet 14 is separated from 
the transfer drum 4 by separation pawls 17, and is con 
veyed to an image ?xing device 8 on a conveyer belt 18. 
In the fixing device, the four color toner images are 
mixed and are ?xed. Thereafter, the transfer sheet 14 is 
discharged onto a sheet discharge tray 19. 

In such a color image forming apparatus, the image 
quality is signi?cantly influenced by the image transfer 
process. The operation in the image transfer process is 
influenced signi?cantly by the amount of electric 
charge of the toner before the image transfer and by the 
transfer electric field. 
FIG. 5 is a graph of the residual toner image density 

on the photosensitive drum vs. toner image density on 
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the photosensitive drum before the image transfer. The 
toner image density was determined by detecting light 
re?ected by the drum surface after the image transfer, 
when the toner charge amount before the image trans 
fer is changed. The toner image before the transfer has 
the toner image density as indicated by a line L on the 
surface of the photosensitive drum 1. The toner image 
density is proportional to the image density of the image 
to be transferred onto the transfer sheet 14. In other 
words, the toner image density on the transfer sheet 
after the image transfer is proportional to the toner 
image density on the photosensitive drum before the 
image transfer. 
On the graph of FIG. 5, lines La, Lb and Le represent 

the toner density on the photosensitive drum 1 after the 
toner image having the density of line L is transferred. 
Where the toner image density is low, the transfer ef? 
ciency is substantially 100%, and therefore, the toner 
image density (residual toner image density) is 0, but 
with the increase of the toner image density, the amount 
of residual toner increases. 
On the other hand, the line Lb indicates the residual 

toner density on the photosensitive drum when the 
toner charge amount of the toner image having the 
density indicated by the line L before the transfer, is 
high. The toner charge amount decreases in the order of 
Lb, La and Lc. In the case of Lb, the mirror force 
between the toner and the drum surface is relatively 
high, and therefore, a point where the transfer ef? 
ciency is 100% (residual toner density is O (P)) is devi 
ated to the low density side as compared with the case 
of line La. Where the density is high a larger number of 
layers of the toner are overlaid on the photosensitive 
drum 1, and therefore, the in?uence of the mirror force 
is relatively low. For this reason, the difference from 
the line La or L0 is not large. 
FIG. 6 shows a relationship between the residual 

toner image density on the photosensitive drum after 
the toner image transfer and the toner image density on 
the photosensitive drum surface before the image trans 
fer with a parameter of the transfer electric ?eld. A line 
Ld indicates the residual toner image density when the 
toner image having the density indicated by the line L is 
transferred with the transfer electric ?eld which is 
lower than in the case of line La. As will be understood, 
when the transfer electric ?eld is lowered, the transfer 
efficiency generally lowers with the result of the in 
crease of the residual toner. A line La represents the 
residual toner density when the transfer electric ?eld is 
higher than that of line La. As will be understood, the 
transfer ef?ciency is in?uenced by the toner charge 
amount before the toner image transfer and the transfer 
electric ?eld during the transfer action, and the varia 
tion of the transfer ef?ciency is not uniform for the tone 
densities of the toner image. Therefore, production of a 
test image of single density on the photosensitive drum 
1 and detection of transfer efficiency at the single den 
sity, alone, are not suf?cient to discriminate whether the 
result of the detection is fed back to the toner charge 
amount or to the transfer electric ?eld. This is the rea 
son why the proper transfer condition control has been 
difficult. 

Therefore, in this embodiment, when a toner image is 
formed on an image bearing member and'is transferred 
onto a recording material by application of transfer 
electric ?eld to provide an image on a recording mate 
rial, an image transfer ef?ciency of a test image formed 
on an image bearing member and toner charge amount 
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4 
before transfer, are detected, and on the basis of the 
detections, the transfer operating condition for the 
toner image is properly controlled. 
FIG. 1 is a schematic diagram of an image forming 

apparatus according to an embodiment of the present 
invention. In this embodiment, the image forming appa 
ratus is provided with toner charge amount detecting 
means for detecting the charge amount of the toner of 
the toner image before the image transfer, a transfer 
ef?ciency detecting means and transfer condition con 
trolling means. 
As shown in FIG. 1, a transfer brush 37 is provided 

which is in contact with a back side of the transfer drum 
4 at a position where it is faced to the photosensitive 
drum 1. The electric resistance of the brush 37 is prop 
erly adjusted. When the brush 37 is supplied with a 
voltage, an electric ?eld is applied to the transfer mate 
rial such as transfer sheet supported on the transfer 
drum 4, by which the toner image is transferred onto 
the transfer material from the photosensitive drum 1. In 
this embodiment, between the transfer brush 37 and a 
controllable constant high voltage source 36 for apply 
ing a voltage thereto an ammeter 40 constituting the 
toner charge amount detecting means is disposed. The 
transfer drum 4 comprises opposite rings, a connecting 
portion for connecting the rings and a dielectric sheet 
covering an opening de?ned by the rings and the con 
necting portion. 
An optical sensor 31 is disposed along the outer sur 

face of the photosensitive drum 1 between the develop 
ing device 3M and the transfer drum 4. An optical sen 
sor 32 is disposed along the outer surface of the photo 
sensitive drum 1 between the cleaner 5 and the transfer 
drum 4. The optical sensors 31 and 32 constitute the 
transfer efficiency detecting means for the toner image. 
The optical sensors 31 and 32 are connected to a RAM 
(random access memory) 33 for storing the results of 
detection, and the RAM 33 is connected to a CPU 
(central processing unit) 34. 
A transfer pre-charger 39 is disposed along an outer 

surface of the photosensitive drum 1 between the opti 
cal sensor 31 and the transfer drum 4 to adjust the toner 
charge amount of the toner image on the photosensitive 
drum before the image transfer. The pre-charger 39 is 
connected to a high voltage source 35 which can con 
trollably provide the constant voltage. According to 
this embodiment, the objects, i.e., the transfer condi 
tions to be controlled by the transfer condition control 
means, are the toner charge amount before the toner 
image transfer and the transfer voltage applied to the 
brush 37 (transfer charging member) during the toner 
image transfer. By the connection between the CPU 34 
and the high voltage source 35 connected with the 
transfer pre-charger 39 and between the CPU 34 and 
the high voltage source 36 connected with the transfer 
brush 37, the transfer condition control means for the 
toner image is constituted. 

In the transfer condition control mode, the toner 
charge amount of the toner image before the transfer 
and the transfer electric ?eld are controlled by the 
above structures. Firstly, a proper level signal is sup 
plied to the light source (laser) 2, and a test patch latent 
image is formed on the photosensitive drum 1. It is 
developed into a toner test patch image on the photo 
sensitive drum 1. A re?ection image density A of the 
test patch toner image is detected by the optical sensor 
31, and the detected density A is stored in the RAM 33. 
Subsequently, the test patch isv transferred onto the 
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transfer drum 4, and the electric current ?owing 
through the transfer brush 37 is detected by the amme 
ter 40. The charge quantity Q is stored in the RAM 33. 

After the image transfer operation executed, a re?ec 
tion density B of the test patch toner which is still re 
maining on the photosensitive drum 1, is detected by the 
optical sensor 32, and the density B is stored in the 
RAM 33. Then, the CPU 34 execute the following 
calculation: 

The toner density difference (A-B) represents the 
amount of the toner transferred from the photosensitive 
drum 1. In the case of the brush transfer, substantially 
100% of the transfer current is used for the toner trans 
fer under the condition of the constant voltage. The 
transfer current corresponds to the flow of electric 
charge due to the toner being transferred, and therefore, 
the total charge quantity Q into the brush 37 corre 
sponds to the total charge quantity of the transferred 
toner, that is, the toner total charge quantity of the test 
patch before the image transfer. Therefore, the above 
de?ned R represents the toner charge quantity per unit 
weight of the toner of the test patch before the image 
transfer. 
The optimum level of the charge amount of the toner 

per unit weight before the toner image transfer, is stored 
in the CPU 34 beforehand the above R is compared 
with the optimum level. If it is lower than the optimum 
level, the voltage of the transfer precharger 39 is in 
creased to increase the toner charge amount before the 
transfer. On the other hand, if it is higher, the voltage is 
decreased to decrease the toner charge amount before 
the image transfer. 
When the value R is the optimum level, the following 

calculation is effected: 

The value T represent the transfer ef?ciency of the 
test patch image. When the transfer ef?ciency is too low 
despite the proper toner charge amount before the 
transfer, the voltage of the transfer high voltage source 
36 is adjusted to provide the proper transfer electric 
?eld so as to provide the proper transfer ef?ciency for 
the toner image transfer. 
As described in the foregoing, in this embodiment, 

the test patch is used. The detections are made to the 
toner charge amount before the transfer and to the 
transfer efficiency. On the basis of the detections, the 
toner charge amount before the transfer on the photo 
sensitive drum 1 and the transfer electric ?eld are con 
trolled. Therefore, the transfer conditions, i.e., the toner 
charge amount before the transfer and the transfer elec 
tric ?eld are controlled to the optimum, so that the 
good image transfer operation is accomplished. 
The charge amount of the toner constituting the 

toner image before the image transfer, is detected by the 
ammeter connected to the brush (transfer charge mem 
ber) to detect the toner charge amount, and therefore, 
there is no need of using a particular detecting member 
around the photosensitive drum, and therefore, the 
structure of the apparatus is simpli?ed. 
FIG. 2 is a schematic diagram of an image forming 

apparatus according to another embodiment. In this 
embodiment, the optical sensor 32 along the photosensi 
tive drum 1 between the cleaner 5 and the transfer drum 
4 in FIG. 1 image forming apparatus, is replaced with 
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6 
an optical sensor 38 adjacent an outer surface of the 
transfer drum 4 downstream of the transfer brush 37 in 
the rotational direction of the transfer drum 4, as shown 
in FIG. 2. 

In this embodiment, the optical sensor 38 detects a 
toner re?ection image density C of the test patch trans 
ferred onto the transfer drum 4, and the density C is 
stored in the RAM 33. The toner density C represents 
the toner quantity of the test patch image transferred 
onto the transfer drum 4, and therefore, it represents the 
toner image density difference (A-B) in the foregoing 
embodiment. 
The charge amount R per unit weight of the toner of 

the test patch image before the transfer is determined by 
R=Q/C, where Q is the quantity of the electric charge 
having flown into the transfer brush 37. Similarly to the 
foregoing embodiment, the comparison is made relative 
to the optimum level of the charge amount per unit 
weight of the toner image before the transfer, and the 
toner charge amount before the transfer of the toner 
image is controlled thereby. When the value R is at the 
optimum level, T=C/A is determined, and on the basis 
of the determination, the transfer electric ?eld during 
the toner image transfer action is controlled. Similarly 
to the foregoing embodiment, the toner image transfer 
conditions are controlled to the optimum, and there 
fore, the satisfactory image can be produced. 
FIG. 3 shows a further embodiment. In this embodi 

ment, the transfer brush 37 for the toner image transfer 
in FIG. 2 image forming apparatus, is replaced with a 
transfer charger 7 having a corona charger comprising 
a wire electrode and a shield electrode. The transfer 
charger 7 is connected with an ammeter 41 for measur 
ing electric current through the shield. 

In this embodiment, a charge quantity Q is deter 
mined by measuring the electric current ?owing into 
the wire of the transfer charger 7 by the ammeter 40. 
The electric current flowing into the shield of the trans 
fer charger 7 is detected by the ammeter 41, and the 
charge quantity Qa is determined from the measured 
current. The difference Qb=Q—-Qa, which is the 
charge quantity actually used for the transfer of the test 
patch image and therefore corresponds to the total 
current of the toner. 

In place of Q in the embodiment of FIG. 2, the charge 
amount Qb is used, that is, the charge amount R per unit 
weight of the toner of the test patch image before the 
transfer is determined by R=Qb/C. Then, the toner 
charge amount before the transfer is controlled in the 
similar manner. When the value R is at the optimum 
level, T=C/A is determined in the same manner, and 
the transfer electric ?eld is controlled on the basis of the 
determination. In the case of corona charger used for 
the toner image transfer, the similar effect can be pro 
vided. 

In the foregoing embodiments, the toner charge 
amount or quantity before the toner image transfer is 
first controlled on the basis of the toner charge amount 
of the test patch image before the transfer, and when it 
is proper level, the transfer electric ?eld during the 
transfer action is controlled on the basis of the transfer 
ef?ciency of the test patch. However, it is a possible 
alternative that the toner charge amount before the 
transfer and the transfer electric ?eld are simulta 
neously controlled on the basis of the combination of 
the toner charge amount of the test patch image before 
the transfer and the transfer ef?ciency. 
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In the foregoing, the description has been made as to 
a full color image forming apparatus comprising one 
photosensitive drum 1, 4 developing devices 3M, 3C, 
3Y and 3B and one transfer drum 4. However, the pres 
ent invention is not limited to this example. For exam 
ple, four photosensitive drums and developing devices 
3M-3B for the respective photosensitive drums, and a 
common transfer belt is used in place of the transfer 
drum 4. If the same system as in FIG. 2 embodiment is 
used with this structure, the photosensitive drums are 
each provided with an optical sensor 31 for detecting 
the toner image density of the test patch image on the 
associated photosensitive drum 4. As for the detection 
of the toner density of the test patch image already 
transferred onto the transfer belt, one optical sensor 
may be provided downstream of the transfer position of 
each of the photosensitive drum, but the number of 
optical sensors 38 may be saved if only one such a sen 
sor is provided at the most downstream position to 
detect the toner density of the test patch image. 
The present invention is not limited to the case of the 

color image, but is similarly applicable to monochro 
matic image forming apparatuses. The applicable image 
forming apparatuses are not limitedly a digital exposure 
type using a laser beam. They may be an analog expo 
sure type. In this case, a standard image having 16 tone 
levels may be provided in a non-image-forming region 
of an original supporting platen. An image thereof is 
formed through analog exposure, and the image is de 
veloped into a test patch image having 16 tone levels on 
the photosensitive drum 1. 
While the invention has been described with refer 

ence to the structures disclosed herein, it is not con?ned 
to the details set forth and this application is intended to 
cover such modi?cations or changes as may come 
within the purposes of the improvements or the scope of 
the following claims. 
What is claimed is: 
1. An image forming apparatus, comprising: 
an image bearing member; 
toner image forming means for forming a toner image 
on said image bearing member; 

transfer charging means for transferring the toner 
image from said image bearing member onto a 
transfer material; 

?rst detecting means for detecting toner charge 
amount before image transfer onto the transfer 
material; 

second detecting means for detecting efficiency of 
the image transfer; and 

control means for controlling a condition of image 
transfer operation in accordance with outputs of 
said ?rst and second detecting means. 

2. An apparatus according to claim 1, wherein said 
control means controls at least one of the toner charge 
amount and an electric ?eld for the image transfer in 
accordance with outputs of said ?rst and second detect 
ing means. 

3. An apparatus according to claim 2, further com 
prising toner charging means for charging the toner 
image after formation of the toner image on said image 
bearing member and before the image transfer, and said 

control means controls the toner charge amount by 
the toner charging means. 

4. An apparatus according to claim 1, wherein said 
?rst detecting means detects an electric current of said 
transfer charging means contributable to the image 
transfer. 
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8 
5. An apparatus according to claim 1, further com 

prising a transfer material carrying member for carrying 
the transfer material, wherein the toner image on said - 
image bearing member is transferred onto the transfer 
material carried on said transfer material carrying mem 
ber. 

6. An apparatus according to claim 4, further com 
prising a transfer material carrying member for carrying 
the transfer material, wherein the toner image on said 
image bearing member is transferred onto the transfer 
material carried on said transfer material carrying mem 
ber. 

7. An apparatus according to claim 6, wherein said 
transfer charging means is contactable to such a side of 
the transfer material carrying member as is remote from 
said image bearing member, and said ?rst detecting 
means detects an electric current supplied to said trans 
fer charging means. 

8. An apparatus according to claim 7, wherein when 
said ?rst detecting means detects the electric current, 
the transfer charging means is supplied with a constant 
voltage. 

9. An apparatus according to claim 4, wherein said 
transfer charging means is in the form of a corona 
charging means having a wire electrode and a shield 
electrode, and wherein said ?rst detecting means de 
tects electric currents ?owing to the wire electrode and 
the shield electrode. 

10. An apparatus according to claim 1, wherein said 
second detecting means includes a ?rst sensor for de 
tecting a density of the toner image on said image hear 
ing member before the image transfer and a second 
sensor for detecting density of residual toner on said 
image bearing member after the image transfer. 

11. An apparatus according to claim 5, wherein the 
toner image can be transferred onto the transfer mate 
rial carrying member, and wherein said second detect 
ing means includes a ?rst sensor for detecting a toner 
density on said image bearing member before the image 
transfer and a second sensor for detecting a toner den 
sity on the transfer material carrying member after the 
image transfer. - 

12. An apparatus, according to claim 5, wherein plu 
ral color toner images can be formed on said image 
bearing member, and the toner images are sequentially 
transferred and overlaid on the transfer material carried 
on the transfer material carrying member. 

13. An apparatus according to claim 12, wherein said 
apparatus is capable of forming a full color image on the 
transfer material. 

14. An image forming apparatus, comprising: 
an image bearing member; 
toner image forming means for forming a toner image 
on said image bearing member; 

transfer charging means for transferring the toner 
image from said image bearing member onto a 
transfer material; 

detecting means for detecting an electric current of 
said transfer charging means which is contributable 
to image transfer; and 

control means for controlling a toner charge amount 
before the image transfer in accordance with an 
output of said detecting means. 

15. An apparatus according to claim 14, further com 
prising toner charging means for charging the toner 
image after formation of the toner image on said image 
bearing member and before the image transfer, and said 
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control means controls the toner charge amount by the 
toner charging means. 

16. An apparatus according to claim 14, further com 
prising a transfer material carrying member for carrying 
the transfer material wherein the toner image on said 
image bearing member is transferred onto the transfer 
material carried on said transfer material carrying mem 
ber. 

17. An apparatus according to claim 16, wherein said 
transfer charging means is contactable to such a side of 
the transfer material carrying member as is remote from 
said image bearing member, and said detecting means 
detects an electric current supplied to said transfer 
charging means. 

18. An apparatus according to claim 17, wherein 
when said detecting means detects the electric currents, 
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10 
the transfer charging means is supplied with a constant 
voltage. 

19. An apparatus according to claim 14, wherein said 
transfer charging means is in the form of a corona 
charging means having a wire electrode and a shield 
electrode, and wherein said detecting means detects 
electric currents ?owing to the wire electrode and the 
shield electrode. 

20. An apparatus according to claim 16, wherein 
plural color toner images can be formed on said image 
bearing member, and the toner images are sequentially 
transferred and overlaid on the transfer material carried 
on the transfer material carrying member. 

21. An apparatus according to claim 20, wherein said 
apparatus is capable of forming a full color image on the 
transfer material‘ 

# t ‘I ¥ # 
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